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Marbled Murrelets detected during PrimarySampling Unitsurveysin June and July, 2002.SUMMARY
Marbled Murrelets and other seabirdsweresurveyed using vessel transects throughout the coastal
waters of Oregon in June July, and August2002. This is the thirdyearthat the Northwest Forest
Plan Effectiveness Monitoring sampling design has been used, and the 11th sincesurveysbeganon
the Oregon coast. In June and July 45 Primary Sampling Units (PSU)weresurveyed, comprising
1612 km of transects, and those datawereused to estimate population size. In Late July and
August 481 km of transect in 13 PSUsurveysand 84 km of additional transectswereused to
estimate relative productivity of murrelets
The Zone 3 population estimate in 2002wasof 5,641 and 6,333 birds using strip and line transect
analysis, respectively. These numbersaresimilar to the 2000 and 2001 estimates, andmay
indicatesomestabilization of the population. The estimate for the Oregon portion of Zone 4was
of 1,916 and 2,408 birds by strip and line transect, respectively, with too much annual variation to
assesschange in abundance.
Indices of productivitywerehigher than the long-termaverage,witha state averageof 6.52 % of
birds agedashatch-year fledglings. This corresponds with continued high primary productivity
and generally favorable marine conditions during 2002.
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1INTRODUCTION
The Marbled Murrelet (Brachyramphusmarmoratus) isasmall diving seabird of the Alcid family
which isonthe Federally Threatened Species list,and is state listedasendangeredorthreatened
in California, Oregon, and Washington (Nelson,1997). Because their nests aredispersed and
difficult to locate high in trees of maturecoastal forests, most research on overallabundance and
reproductive output is conducted at sea, wherethe birdsareconcentrated withinafew km of
shoreontheopencoast (Ralph andMiller 1995, Strong et al.1995, Becker etal. 1997).
Standardized boat transects to survey murrelets inthe nearshore waters of the Oregon coastfrom
1992 to 1999 produced evidence of a declinein numbers through this period (Strong2003). In
2000a newsampling design to monitor the murreletpopulationwasinitiated for all researchers in
the Northwest Forest Plan area by theAt-Sea Working Group under the EffectivenessMonitoring
(EM) component of the Northwest ForestPlan (Madsen et al. 1999, Bentivoglio etal. 2002).
This report summarizes population estimation andproductivity indices obtained in the 2002
seasonandcomparesthese data with earlier research in Oregon. Theentirety of Marbled
Murrelet Conservation Zone 3 (ColumbiaRiver to Coos Bay) and the Oregon portionof Zone 4
areincluded.
METHODS
Equipment
Vesselsurveys weremade froma7mboat equipped with marine radio, compass,Global
Positioning System receiver (GPS), and digital sonardepth finder, which also relayed sea surface
temperature. Otherequipment included binoculars, digital watches, andmicro tape recorders for
eachperson, mapscovering planned transect lines, and a lazer rangefinder.The deck of the boat
is about level with the waterline; observer viewing height wasabout 2mabove water. The GPS
wasloaded with the randomly selected transect routesprior to eachsurvey.
Observation Protocol and Personnel Duties
Two observers andavessel driverwere onboard for all transects. Each observerscanneda90°
arcbetween the bow and the beam continuously, onlyusing binoculars to confirm identification or
to observe plumage orbehavior of murrelets. Search effort was directedprimarily towards the
bow quarters and within 50mof the vessel,sothat densities basedonline andnarrowstrip
transects will be at their most accurate(Buckland et al. 1993). All seabirdswithin 50mof the
boat andonthe waterwererecorded, and all Marbled Murrelets sighted at anydistancewere
recorded with the following information:
A) Time of sighting to the minute.
B) Group size;a groupbeing definedasbirds withinafewmof each otherorvocalizing to
oneanother.
C) Side of vessel, categorized as port, bow, andstarboard.
D) Estimated perpendicular distance from the transectline to each murrelet detection.
D) Behavior inoneof 5 categories: fly in apparent response tothe vessel, flying by in transit,
2dive in possibleresponse tothe vessel, diving not in response tothe vessel (forage diving),
and stayonthe surface during vessel passage.
E) Molt class andage(see 'productivity assessment'), andnoteworthy behavior such as fish
carrying, vocalizing,orunusual flightordiving behavior.
Distance estimateswerecalibrated by usingaradar rangefinderonfloating targets within the
launch portoneach morning. All observers wouldestimate distance to chosen targets, and then
onewouldusethe rangefinder and report the actualdistance, and observers would adjust their
calibration ifnecessary.If observerswereconsistently off the mark,wewould continue until
correctestimateswereobtained.
Association with other species or watercharacteristics (ie; currentzones,scattering layers, kelp)
werealso recorded. All data were recorded on cassette tapesand later transcribed to forms and
enteredon computer.At the beginning and end ofeach transect segment the time, location, water
temperature, depth,weather and observing conditions wererecorded. Observing conditions as
they related to murrelet detectibility wererated excellent,verygood, good, fair, and poor
corresponding approximately with beaufort sea statesof 0 to 4, respectively.
The vessel driver maintained a speed of 10 knots, monitoredthe transect route, and watched for
navigational hazards. The driver participated insearching for murrelets when nototherwise
occupied. Transectswerepaused sometimes to rest, make observations, orfor equipment
reasons,and resumed at the same approximatelocation where they left off. A break fromduties
wastaken at leastevery3 hours. This protocol is as has beenused since 1996, with minor
variations in earlieryears.
Population Monitoring
A thorough description of the EMPlan population monitoring program canbe found in
Bentivoglio (2002) atwww.reo.gov./monitoring /murrelet. An overview asit applies to Marbled
Murrelet Conservation Zone 3 and the Oregonportion of Zone 4 follows.
The time period designated for monitoring thepopulation of murreletswasselected between 20
May and 31 July,onthe basis that most breeding murreletswill be associated with nesting habitats
during the incubation and nestling stages in this time (Hamerand Nelson 1995). Surveys during
the final 10 days of Julywereused for both population and productivity assessment.
Transectswereconducted within 20 km long Primary SamplingUnits (PSU) arranged in a
contiguous format along the coast (Fig. 1). The20 km lengthwasselectedas adistance which
canbe surveyed in the morning hoursbefore seasonal afternoon winds become strong.If wind
remained light, then two PSU were sampledinaday. A goal of at least 30 PSUsamples within
each Conservation Zone has been set as anestimate of that needed to make aninference about
population size with relatively low variance, andwhatcanbe accomplished within time and
budget limitations. Within Conservation Zones, strata wereestablished to concentrate effortin
regions that had higher murrelet abundancein prioryears, tominimize variance in these more
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.importantareas.Two strataweredistinguished within Conservation Zone 3 for thispurpose: a
northern stratum from the Columbia Riverto Cascade Head (140 km, 7 PSU with 10 samples
designated), andasouthern stratum, from Cascade Headto Coos Bay (200 km, 10 PSU with 20
samples designated,seeFig. 1).In Conservation Zone 4 the Oregoncoast extends for
approximately 180 kin, including 9 PSU, and 10 sampleswere tobe completed there. Zone 3
strata 1 and 2, and Zone 4 PSU's 1-10 correspond exactly with north, central, and southern
regions used in 1992-1999surveys,although in 2002 Zone 4surveysextended only through PSU
9. Surveys in Conservation Zone 4wereconducted cooperatively with the USFS Redwood
Sciences Laboratories (RSL).
Primary Sampling Unitsweresurveyed in spatial and temporal clusters whose locationswere
selected randomlyat the start of theseason.The boatwasstationed atone or twoadjacent ports
where 1to 6 PSU were sampledover1-3 days, and then movedto the next samplingarea.
Persistent windorother rough conditions sometimes prevented plannedsurveys,in whichcase
surveys weresuspendedor weremoved to another region. Although samplingwasintended to be
randomly ordered, it endedupbeing modified by weather conditions. However, clusters ofPSU
samplesweredisperse in location and timing through theseason.
On theopen west coast,Marbled Murreletsconcentrate withinafew kilometers of shore, with
peak densities found within 1.5 km of shore (Ralphand Miller 1995, Stronget al 1995). To
address this, the workinggroupdesignated two subunits correspondingto areas with relatively
high nearshore and low offshore density, and usedthe following density dependent formulato
samplemoreheavily in the nearshoreareaand generateaminimum variance for thetwo areas:
ratio= a,[d,aoido
where ratio is the proportion ofsurveyeffort devotedto inshore and offshore subunits, basedon
thearea(a) and density (d) of each (densities for Zone 3werefrom offshore distribution samples
from 1992-1999). Researchers in each conservationzoneselected theirownboundaries between
inshore and offshore subunits, and theouter limit of the offshore unit, beyond whichwasexcluded
from the target population samplingarea.Basedon anexamination of data from 1992to 1999, I
considereda5000m outerlimit of the sampled populationasconservative with respect to
includingover98% of the population withinourboundaries, includingaconsideration for annual
variability. To determine the boundary between the high density inshoresubunit and the low
density offshore subunit, I examined where peak densities occurred in the83 samples of offshore
distribution from 1992-1999. Peak density occurredat 500 m in 49 cases, at 1000min 20cases,
and at 1500min 12cases,and at 2000min 2 instances (2.2%). I selected 1500m ascapturing
thezoneof high density. The intent of this selectionwas toavoid 'diluting' density estimates in
theirzoneof peakoccurrencewith the generally lower values found offshore, while still
maintainingsome roomfor annual variability. In Zone 4 RSL selected 2000m asthe
inshore/offshore subunit boundary, and 3000m asthe outer limit, using different selection criteria
(see Bentivoglio et al. 2002). Using theareaof water surface from GIS mapping and densities of
murrelets from priorsurveysin the above formula, and withaninshore subunit transect length set
5at 20 km, we computed anoffshore transect length of 24.6 km in Zone 3 stratum 1, and of 17.2
km in stratum 2. In Zone 4, the offshore sampling effort was just 6 km based on RSLdata using
the smaller offshoreareabetween 2000 and 3000m.The inshore boundary of the sampled
populationwas set at350m onthe entire outer coast,anapproximation of the navigable waters.
Within the inshore subunit, four 5 km sections of coastwere set atstratified-random distances
from shore foratotal transect length of approximately 20 km, the length of the PSU. These
segments were themselves dividedinto 4 categories of distance-to-shore andaspecific distance,
aswellasthe order of the categories,waschosen at random. Thus all categories of distance-to-
shore within the inshore subunitwererepresented in each PSUsurvey.For example, distances
maybe at 450, 1450, 750, and 950minonePSU and 1350, 550, 850, and 650min another (the
50mbreak pointswereselected to avoid overlap between subunits).Within the offshore
subunit,azig-zag pattern of transectwasconducted witharandomized starting point. Several
cycles of zig-zagswereconducted, ending at thesamedistance offshoreas atthe start,sothat all
shore distances had equal contribution to the detection rate. One subunit transect was conducted
first, and the alternate subunitwassurveyedonthe return trip.
Index of Productivity
The primary index of productivity for Marbled Murreletswas asimple ratio of hatch-year
fledglings (HY) to after-hatch-year (AHY) birds, givenas a percentHY. How these indices
represent actual production of young per breeding pairis not well known, thus theycanonly be
considered indices, whicharecomparableover years.Age ratioswerealso computedas an
averageof the ratio in each PSU, grouped by stratum, Zone,orthe state. All data after 20 July
(when most HYare present atsea)wereused to produceanoverall ratio of HY:AHY for
comparison with earlieryears.In 2001manyHYwere at seaby mid July,soratioswerereported
including all data after 10 July.Age of murreletswasdetermined by examination of plumage
and behavior (see Ralph and Long 1995, Strong 1998, Strong and Carten 2000).
Data Management and Analysis
Density of murreletswascalculated using simple strip transects of 100mwidth and with line
transect analysis using program DISTANCE (Laake 2001, ver.2.1) andabootstrap procedure to
obtain valid variance estimates fromarandomized selection of the data (see Bentivoglio 2002).
For all density calculations and population estimates, only June and July data were used, and only
surveysconducted in fair to excellent observing conditionswereused. Water surfaceareaof each
PSU and stratumwerecomputed using GIS. Density and population data for line transect
analysiswereproduced by the Effectiveness Monitoring at-sea statistician (J. Baldwin). RSL
datawereincluded in population estimation analysis, but not in productivity assessment.
Tocomparedensity data withyearsprior to the Effectiveness Monitoring design, transects within
the inner subunitweresubdivided to include only thosesurveysless than 1250moffshore,
comparable with the coastline transects from 1992 to 1999. Strip transect densities were
computed for the 3 regions of the coastas wasdoneonthe earliersurveys.
6Table 1. Summary ofsurveyeffort by CCR and RSL during the populationassessment period
(May-July ), and August (data after 19 Julywereused in productivityassessmentaswell). Extra
surveys wereconducted in nearshorewatersastime allowed to obtainmoreaged bird data.
Zone and
stratum
Water
surface
area
(km2 )
June and July August
PSUsurveys Extrasurveys
Km. No.Km. No.
PSUsurveys Extrasurveys
Km No.Km. No.
Zone 3 2
stratum 1 645 606.0 13 0 90.1 9.1 1
stratum 2 934 642.3 18 9.3 2 130.2 4 45.9 6
Total Z 31,5791,248.3 31 9.3 2 220.3 6 55 7
Zone 4
(Oregon)528.5364.0 14 8.0 1 52.0 2 28.5 2
All 2,107.51,612.345 17.3 3 272.3 8 83.5 16
RESULTS
Survey Effort
from 22 May to 26 August,atotal of 41 dayswere spentconductingsurveys at sea,during which
53 PSUweresurveyed, coveringatotal of 1,884.6 km oftransects (Table 1). In addition, CCR
surveyed 100.8 km of inshore habitatover9 days to obtain larger samples of aged murrelets
(Tables 1 and 2). During population monitoring(June and July)wecompleted 31 PSUsurveysin
Zone 3 and 8 of the 10 PSUsurveysplanned in Zone 4. Redwood Sciences Laboratories
conducted 6 additionalsurveysin the Oregon portion of Zone 4 and those dataareincluded here.
During the Productivityassessment period from 20 July to 26 August,wesurveyed 11 PSU in
Zone 3 and 2 in Zone 4.
Distribution
In Zone 3, Marbled Murreletsweregenerallyscarcenorth of Cascade Head (stratum 1) andat
highest densities nearshore from Cascade Headto Coos Bay (stratum 2, Fig 1). As in 2001 the
highest concentrationswereencountered in the vicinity of the Alsea River in PSU 11 and around
the Siuslaw river (PSU 13 and 15, Fig. 1).
In the Oregon portion of Zone 4 densitiesweremoderate in the northern 4 PSU and in PSU 9 by
California, and lower between (Fig. 1). This is comparable with the2001 data except that the
veryhigh concentration in PSU 1 during 2001seemsspreadoverthe northern 4 PSU in 2002.
Murreletswereconcentrated close to shore throughout June and July in allareas.The density of
7Table 2. Summary ofsurvey coverageand the number of Marbled Murrelets detected in Oregon during
the 2002 fieldseason.AHY and HY applies only to murrelets whoseage wasdetermined and after-
hatch-yearorhatch-year fledglings, respectively.
Month DayZoneStratum PSU
Transect
type
Transect
length (km)
Marbled Murrelets
Total AHY HY
Research
group
May 22 4 1 7 Near shore PSU 20.0 2 2 RSL
22 4 1 7 Offshore PSU 6.0 0 RSL
22 4 1 9 Near shore PSU 20.0 6 5 RSL
22 4 1 9 Offshore PSU 6.0 1 1 RSL
24 4 1 6 Near shore PSU 20.0 26 23 RSL
24 4 1 6 Offshore PSU 6.0 0 RSL
June 10 3 2 10 Near shore PSU 20.1 59 54 CCR
3 2 10 Offshore PSU 17.2 4 4 CCR
3 2 11 Near shore PSU 20.0 258 224 CCR
3 2 11 Offshore PSU 17.2 11 11 CCR
11 3 1 7 Near shore PSU 19.9 17 15 CCR
3 1 7 Offshore PSU 24.7 2 2 CCR
3 2 8 Near shore PSU 19.8 39 33 CCR
3 2 8 Offshore PSU 17.2 0 CCR
13 4 1 1 Near shore PSU 20.0 33 30 CCR
4 1 1 Offshore PSU 6.0 0 CCR
3 2 17 Near shore PSU 19.9 57 44 CCR
3 2 17 Offshore PSU 17.2 2 2 CCR
4 1 5 Near shore PSU 20.0 21 21 RSL
4 1 5 Offshore PSU 6.0 0 RSL
14 4 1 2 Near shore PSU 20.0 38 31 CCR
4 1 2 Extra 8.0 37 36 CCR
4 1 2 Offshore PSU 6.0 1 1 CCR
4 1 3 Near shore PSU 20.0 62 59 RSL
4 1 3 Offshore PSU 6.0 0 RSL
4 1 4 Near shore PSU 20.0 37 29 RSL
4 1 4 Offshore PSU 6.0 0 RSL
15 4 1 8 Near shore PSU 20.0 0 CCR
4 1 8 Offshore PSU 6.0 0 CCR
16 3 2 15 Near shore PSU 20.1 131 104 CCR
3 2 15 Offshore PSU 17.2 6 6 CCR
3 2 16 Near shore PSU 20.0 23 13 CCR
3 2 16 Offshore PSU 17.2 2 2 CCR
21 3 1 1 Near shore PSU 20.0 2 2 CCR
3 1 1 Offshore PSU 6.1 0 CCR
3 1 2 Near shore PSU 19.9 0 CCR
3 1 2 Offshore PSU 24.7 2 2 CCR
22 3 1 3 Near shore PSU 20.3 11 11 CCR
3 1 3 Offshore PSU 24.7 3 3 CCR
3 1 4 Near shore PSU 19.9 4 4 CCR
3 1 4 Offshore PSU 24.7 2 2 CCR
23 3 1 5 Near shore PSU 20.0 15 13 CCR
3 1 5 Offshore PSU 24.7 1 1 CCR
3 1 6 Near shore PSU 18.3 15 15 CCR
3 1 6 Offshore PSU 24.7 0 CCR
28 4 1 6 Near shore PSU 20.0 11 11 CCR
4 1 6 Offshore PSU 6.0 4 3 CCR
29 4 1 9 Near shore PSU 20.0 31 23 1 CCR
4 1 9 Offshore PSU 6.0 0 CCR
30 4 1 7 Near shore PSU 20.0 16 16 CCR
4 1 7 Offshore PSU 6.0 0 CCR
July 1 3 2 14 Extra 5.0 37 35 2 CCR
3 2 14 Extra offshore 4.3 0 CCR
7 3 2 9 Near shore PSU 20.2 42 25 3 CCR
3 2 9 Offshore PSU 17.2 0 CCR
3 2 10 Near shore PSU 20.5 95 77 4 CCR
3 2 10 Offshore PSU 16.2 5 1 CCR
8 3 2 12 Near shore PSU 20.0 30 30 CCR
3 2 12 Offshore PSU 17.2 0 CCR
3 2 13 Near shore PSU 20.1 110 108 CCR
3 2 13 Offshore PSU 17.2 0 CCR
9 3 2 14 Near shore PSU 20.0 85 83 2 CCR
3 2 14 Offshore PSU 17.2 3 3 CCR
10 3 2 16 Near shore PSU 20.0 97 93 4 CCR
8Table 2, continued
Month DayZoneStratum PSUTransect
type
Transect
length (km)
Marbled Murrelets
Total AHY HY
Research
group
July 10 3 2 16 Offshore PSU 17.2 0 CCR
3 2 17 Near shore PSU 20.0 17 17 CCR
3 2 17 Offshore PSU 17.2 1 1 CCR
14 3 1 3 Near shore PSU 20.0 6 3 3 CCR
3 1 3 Offshore PSU 24.7 0 CCR
3 1 4 Near shore PSU 19.8 3 3 CCR
3 1 4 Offshore PSU 24.7 0 CCR
15 3 1 1 Near shore PSU 22.4 0 CCR
3 1 1 Offshore PSU 24.7 0 CCR
3 1 2 Near shore PSU 19.5 0 CCR
3 1 2 Offshore PSU 24.7 0 CCR
17 3 2 11 Near shore PSU 20.0 129 129 CCR
3 2 11 Offshore PSU 17.2 8 8 CCR
18 3 2 15 Near shore PSU 20.2 68 67 1 CCR
3 2 15 Offshore PSU 17.2 3 3 CCR
19 4 1 2 Near shore PSU 20.0 40 32 1 CCR
4 1 2 Offshore PSU 6.0 0 CCR
4 1 3 Near shore PSU 20.0 36 35 1 CCR
4 1 3 Offshore PSU 6.0 0 CCR
23 3 2 9 Near shore PSU 20.0 34 32 2 CCR
3 2 9 Offshore PSU 17.2 0 CCR
24 3 1 7 Near shore PSU 20.7 9 8 1 CCR
3 1 7 Offshore PSU 24.7 1 1 CCR
3 2 8 Near shore PSU 20.7 1 1 CCR
3 2 8 Offshore PSU 17.2 4 4 CCR
27 3 1 5 Near shore PSU 20.5 11 10 1 CCR
3 1 5 Offshore PSU 21.3 0 CCR
28 3 1 6 Near shore PSU 20.9 5 5 CCR
3 1 6 Offshore PSU 25.2 0 CCR
August 14 3 2 10 Extra 8.5 69 65 CCR
3 2 11 Extra 5.0 19 9 1 CCR
15 3 2 10 Extra 10.0 74 66 1 CCR
16 3 PSU 20.1 3 CCR
3 2 12 Offshore PSU 17.2 0 CCR
17 3 1 4 Near shore PSU 20.5 4 3 1 CCR
3 1 4 Offshore PSU 24.7 0 2 CCR
18 3 1 3 Extra 9.1 0 CCR
3 1 3 Near shore PSU 20.1 31 22 8 CCR
3 1 3 Offshore PSU 24.7 0 CCR
19 3 2 8 Near shore PSU 10.0 0 CCR
3 2 8 Offshore PSU 8.6 0 CCR
3 2 9 Extra 5.0 9 7 2 CCR
22 3 2 9 Extra 7.4 61 50 3 CCR
3 2 9 Near shore PSU 19.8 28 26 1 CCR
3 2 9 Offshore PSU 17.2 1 1 CCR
24 3 2 13 Near shore PSU 20.1 27 20 2 CCR
3 2 13 Offshore PSU 17.2 0 CCR
25 4 1 1 Near shore PSU 20.0 59 43 5 CCR
4 1 1 Extra 5.5 18 16 CCR
4 1 1 Offshore PSU 6.0 2 2 CCR
3 2 17 Extra 10.0 10 10 CCR
26 4 1 8 Extra 7.0 3 3 CCR
4 1 9 Near shore PSU 20.0 38 38 CCR
4 1 9 Extra 16.0 0 CCR
4 1 9 Offshore PSU 6.0 0 CCR
9birds in the offshore subunit (1500 to 5000 m)wasless thanontenth of that in the inshore subunit
(300 to 1500 m) in Zone 3 and 13% of the inshore subunit in Zone 4.
Population Estimates
The population estimate for Zone 3 (northern and central Oregon) was 5,641 murrelets using strip
transects, or 6,333 murreletsusing line transects and the bootstrap procedure. In spite of
relatively large confidence intervals, the point estimateswere verysimilar to the prior 2years,
with less than 10% difference betweenyears(Table 3). The estimate for southern Oregon (a
portion of Zone 4)wasof 1,916 birds using strip transect analysis, just 69% of that in 2001, but
similar to that of 2000 (Table 3). The line transect estimate for the Oregon portion of Zone 4 was
of 2,408 birds, similar to 2001 but only 76% of that in 2000. There is high heterogeneity in
distribution of murrelets in southern Oregon, such that different PSU sampling between years can
affect results dramatically. The strip transect estimate for Zone 4 in 2001wasbiased high due to
disproportionate sampling in the highest density PSU (see Strong 2002). In Zone 4 line estimates
do not correlate with strip estimates since line transect estimateswere aproportion (0.76) of the
estimate for all of stratum 1, whereas strip transectswerebased onlyonOregon data.
When 2001 datawerelimited to include only nearshore transects (less than 1250moffshore)
comparable with the 1992-1999 coastlinesurveyeffort, density in central Oregonwas21.84
birds/Km2,slightly lower than the 1997-2001meanof 24.62 birds/Km2 (Table 4).Inshore
densities in northern Oregonweresimilar to the prior twoyears at3.48 birds/km2, and lower than
earlieryears.In southern Oregon, inshore density of 6.79birds/km2wassimilar to recentyears
(Table 4).
Productivity
A total of 52 Hatch-year and 41 After-Hatchyearadvanced molt (C4) murreletswereaged out of
102 black-and white (C4) birds detected, foranageingsuccess rateof 91%. This is similar to the
ageingsuccess ratein otheryears(range 81-91%, Strong and Carten 2000).
The overall ratio of HY to AHY murrelets for the statewas30:430 (6.52% HY) for all aged birds
after 20 July. This is notably higher than the long termaverageof 3.38% HY and second only to
2000 (Table 5).
Oceanographically, 2002wascharacterized by cool water and high primary productivity (NOAA
Pac. Fish. Ecol. Lab.) Returns of several salmon species to the Columbia and other river systems
were athigh levels, similar to the record 2000season.Exceptionally lowseasurface
temperatures were present in August, and this wasassociated withaseafloor anoxic 'dead zone'
in central Oregon (NOAA Coast Watch). There isnoevidence that this deep anoxicareaaffected
the near-shore seabird community.
10Table 3. Marbled Murrelet estimates of density and populationsize in Conservation Zone 3 and
the Oregon portion of Zone 4 from 2000to 2002, using 100 m wide strip transects and line
transects.Line transect estimatesarefrom the Northwest Forest Plan Effectiveness Monitoring
program.
Year and region Density
Strip Transect
Density
Line Transect
Std.errorPop. estimate
+/- 95% C.I.
Std.error Pop. estimate
+/- 95% C.I.
2000
Zone 3 stratum 1 1.071 0.254 691 1.531 0.448 987
499-1,636
Stratum 2 5.287 1.251 4,938 6.158 1.878 5,751
3,176-10,351
Zone 3 total 3.662 0.623 5,629 4.268 1.271 6,738
3,600-7,658 3,940-11,707
Zone 4, Oregon 4.375 1.998 2,312 5.973 1.403 3,151
146-5027
2001
Zone 3 stratum 1 1.350 0.505 871 1.629 0.434 1,050
164-1,688 554-1,676
Stratum 2 6.213 0.926 5,803 6.241 1.001 5,829
3,986-7,620 4,420-7,962
Zone 3 total 4.227 0.566 6,673 4.358 0.662 6,880
4,836-8510 5,389-9,243
Zone 4, Oregon 6.036 2.076 3,304 4.648 2.173 2,453
889-5,719
2002
Zone 3 stratum 1 0.569 0.188 367 0.793 0.291 511
136-681 262-1,038
Stratum 2 5.647 1.160 5,274 6.234 1.387 5,822
2,987-7,560 3,536-9,035
Zone 3 total 3.574 0.573 5641 4.012 0.887 6,333
3,794-7488 3,988-9,908
Zone 4, Oregon 3.626 0.720 1,916 5.015 2.659 2,408
1,0942,738 1,653-4,013
11Table 4. Marbled Murrelet densities (birds/km2) in the inshorewaters (250 to 1250m out tosea)
for 3 regions of the Oregoncoast from 1992 to the present. Dataarebasedon100mwide fixed
strip transects during June and July.
Region
Year
Northern Oregon
Zone 3 stratum 1
meanstd. dev.ndays
Central Oregon
Zone 3 stratum 2
meanstd. dev.ndays
Southern Oregon
Zone 4 to Pt. St. George
meanstd. dev.ndays
1992 7.45 2.23 3 83.65 28.37 12 23.05 3.86 2
1993 15.40 13.54 3 41.00 27.59 15 11.85 9.68 4
1995 8.55 0.95 2 62.55 25.89 7 22.20 13.05 5
1996 6.65 3.20 3 35.10 20.21 7 13.45 11.95 6
1997 7.25 12.73 4 27.85 13.60 13 6.35 2.91 7
1998 6.90 3.29 4 28.75 4.70 13 7.15 7.25 5
1999 6.11 5.94 3 23.96 23.47 12 5.42 7.41 5
2000 3.69 6.05 8 17.37 19.65 9 4.73 9.18 6
2001 3.17 2.30 7 25.28 16.23 13 14.78 22.08 10
2002 3.48 2.33 8 21.84 15.95 13 6.79 6.13 11
DISCUSSION
This is the fourthyearof strong upwelling and the third of higher productivityindices of the
Marbled Murrelet. Murrelet abundance remained lowrelative to the early 1990's, butappears to
have beenmore orless stable for thepast few years. This is consistent with the hypothesis
submitted by Strong (2003) that, if nesting habitat loss inearlier decades has causedapopulation
decline through the 1990's, the population should stabilizeat a new, lower level supported by
remaining habitat, and productivity would riseto a level supporting current numbers. Additional
yearsof population and productivity monitoring will verify this.
12Table 5. Number of after hatchyear(AHY) and hatchyearfledgling (HY) Marbled Murrelets
andpercent HY for 3 regions of the Oregon coast. Data include all aged birdsafter 20 July, 1992
to 2000.
Year
Northern Central Southern State total
HY/AHY (%HY)HY/AHY(%HY)HY/AHY(%HY)HY/AHY(%HY)
1992 7/99(6.60) 70/2229(3.04) 20/967(2.03) 97/3295(2.86)
1993 7/441(1.56) 16/1606(0.99) No data 23/2047(1.11)
1994 6/119(5.04) 23/883(2.54) 19/555(3.31) 48/1557(2.99)
1995 14/100(12.28)33/1199(2.68) 33/728(4.34) 80/2027(3.80)
1996 7/91(7.14) 62/2343(2.58) 22/716(2.98) 91/3150(2.81)
1997 4/51(7.27) 26/1265(2.01) 17/340(4.76) 47/1656(2.76)
1998 9/93(8.82) 30/1500(1.96) 11/440(2.44) 50/2033(2.40)
1999 7/79(8.14) 38/1522(2.44) 20/639(3.03) 65/2240(2.82)
2000 3/49(5.77) 54/702(7.14) 29/232(11.55) 86/983(8.04)
2001* 2/111(1.77) 44/1110(3.81) 23/331(6.52) 69/1552(4.26)
2002 11/49(18.33) 14/277(4.81) 5/104(4.59) 30/430(6.52)
* Including all data after10 July.
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